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OVERVIEW OF MARS: SNC METEORITE RESULTS, H. Wanke, Max-P1 anck- 
I n s t i t u t  f u r  Chemie, Saarstrasse 23, D-6500 Mainz, F.R.Germany. 

The SNC meteorites according t o  t h e i r  oxygen isotope r a t i o s  (1) and va r i -  
ous t race element r a t i o s  (2-3) form a d i s t i n c t  group o f  8 achondrites. Their  
young c rys ta l1  i z a t i o n  ages and f ract ionated REE pa t te rn  which exclude an 
asteroidal  o r i g in ,  were the f i r s t  observations t o  p o i n t  towards Mars as t h e i r  
parent body (4-6) . Further evidences came from the discovery o f  a trapped r a r e  
gas and ni t rogen component w i t h  element and isotope r a t i o s  c lose ly  mat h ing 

c r a c t e r i  'c r a t i o s  o f  the Mars' atmosphere (e.g. 40Ar/  56 Ar ;  
b \ N ;  r4N/BBAr and i8bXe/132Xe) i n  shock g l  asses o f  shergot t i  t e  EETA 79001 
(7-9). Jagoutz and Wanke (10) obtained f o r  Shergotty a Sm/Nd age o f  360+16 
myr. The 18020 myr Rb-Sr age found i n  shergot t i tes had been in te rp re ted  as 
shock age (11-12), as t r u e  c r y s t a l l i z a t i o n  age (13) and as thermal spike due 
t o  by endogenic process (10). Recent work on ALHA 77005 (14) y ie lded  a crys- 
t a l l i z a t i o n  age of 15426 myr and a shock age o f  15215 myr, which agrees w i t h  
the cosmic ray exposure age of 2.7 x 106yrs (15) and, hence, obviously dates 
the e j e c t i o n  o f  t h i s  meteor i te from i t s  parent body. Jochum and Palme (16) ob- 
served t h a t  the range o f  v a r i a t i o n  o f  the Zr/Nb respect ive ly  Hf/Ta r a t i o s  f o r  
the SNC's i s  intermediate between t h a t  o f  the Earth and the Moon (Fig. 1). I n  
s p i t e  of the numerous arguments f o r  Mars as the parent body o f  the SNC meteor- 
i t e s  there does no t  e x i s t  a general ly accepted model f o r  the e j e c t i n g  process 
and other dynamical problems involved (17). I n  the fo l l ow ing  discussion i t  i s ,  
however, assumed t h a t  Mars i s  indeed the SNC parent body. 

Compared t o  the t e r r e s t r i a l  mantle the higher FeO content o f  the shergot- 
t i t e s  r e f l e c t s  the higher FeO content o f  the Mart ian mantle, whi le  the high 
MnO and CqO3 concentrations i n  shergot t i tes ind icates t h a t  i t  i s  not depleted 
i n  MnO and CqO3. Simi lar ly ,  phosphorus i s  much more abundant. Aside pressure 
effects and the H20 poverty, the high P content o f  the Mart ian mantle could be 
of in f luence t o  magmatic processes. A low degree o f  f rac t i ona t ion  and a l a rge  
proport ion o f  Mg-rich provinces seem t o  be f u r t h e r  important cha rac te r i s t i cs  
o f  the Mart ian crust. 

On the Earth, the  Moon and the e u c r i t e  parent body the re f rac to ry  l i t h o -  
p h i l e  elements and S i  and Mg are present i n  these objects w i t h i n  f 30% i n  C 1 
abundances. The same holds f o r  Fe i f  we neglect  the Moon. The major d i f f e r -  
ences i n  the compositions o f  planets l i e  i n  the Femetai/FeO-ratio i n  the 
concentrations o f  the moderately v o l a t i l e  and v o l a t i l e  elements and i n  the 
d i s t r i b u t i o n  o f  chalcophi le and s iderophi le  elements between mantle and core. 
With these assumptions and the use o f  a number o f  element co r re la t i ons  Dreibus 
and Wanke (18) ca lcu lated the composition o f  the Mart ian mantle (Table 1 and 
Fig. 2) .  Sim i la r  t o  the case o f  the Earth almost i d e n t i c a l  deplet ions f o r  a 
number o f  geochemically very d i f f e r e n t  elements are found f o r  the Mart ian 
mantle. The mean abundance value f o r  the elements Ga, Fe, Na, P, K, F and Rb 
i n  the Mart ian mantle i s  0.35 and, hence, exceeds the t e r r e s t r i a l  values by 
about a f a c t o r  o f  two. The composition can successful ly be explained i n  term 
o f  the two component model (19,ZO). According t o  t h i s  model the t e r r e s t r i a l  
planets are formed from a h i g h l y  reduced component A almost f r e e  o f  a l l  ele- 
ments more v o l a t i l e  than Na and an oxidized component B containing a l l  ele- 
ments i n  C 1 abundances but  w i th  d i f f e r e n t  mixing rat ios.  I n  the Mart ian 
mantle there are, however, a number o f  elements which r e l a t i v e  t o  Fe, Na, Ga, 
K, F and Rb have e i t h e r  a higher abundance as i n  the case o f  W, o r  consider- 
ably lower abundances as i n  the case o f  Zn, Co, N i ,  Cu and In. The l a t t e r  e le- 
ments a1 1 have ra the r  strong chal cophi 1 e character. These deplet ions poi n t  
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towards homogeneous accretion. The  h i g h  porti  on of canponent B which suppl i ed 
large amounts of s u l p h u r  was obviously responsible tha t  FeS became a major 
phase and a t  i t s  segregation extracted a1 1 chal cophi 1 e elements according t o  
their su l f ide - s i l i ca t e  par t i t ion  ' coeff ic ients .  These par t i t ion  coef f ic ien ts  
a re  low f o r  W ,  Cr and Mn. The  bulk composition of Mars (mantle+core, Table 1) 
i s  i n  excel lent  agreement w i t h  the geophysical data of the planet. 

The  SNC meteorites are  extremely dry rocks. Shergotty contains 180 ppm 
H20 w h i c h  would indicate  about 36 ppm H20 fo r  the Martian mantle. T h i s  i s  
exactly the value obtained by canparing the s o l u b i l i t i e s  of H 0 and HC1 i n  

ty  ( 2 2 )  compared w i t h  the 132Xe i n  the Mar- 
1 t i an  atmosphere (231, y i e lds  an upper  limit 
- f o r  the degassing efficiency of the Martian 
- mantle of about 408, while a lower limi of 

2.6% can be obtained from the amount of $OAr 
: released t o  the atmosphere. Assuming the de- 
: gassing eff ic iency of H20 t o  be w i t h i n  these 

limits, we obtain f o r  the amounts of H7O re- 

100 L I I ' ' 1  , I , a , , ,  basal ts  (21 ) .  The amount of 134e i n  Shergot- 

SNC meteorites ( A  ) leased t o  the surface values which  woula cor- 
Ear th  respond t o  surface layers (ocean) of about 
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Table 1: MARS 
Mantle + crust 
MgO % 30.2 

3.02 
44.4 

A1 203 
Si 02 
C a0 2.45 
T i  02 0.14 
FeO 17.9 
Na20 0.50 
p205 0.16 
CY203 0.76 
MnO 0.46 
K PPm 305 
Rb 1.06 
cu 5.5 
Zn 74 
Ga 6.6 
Mo PPb 118 
In 14 
T1 3.6 
c1 PPm 38 
Br PPb 145 
I 32 
La PPm 0.48 
Th PPb 56 
U 16 
core 
Fe % 77.8 
N i  7.6 
co 0.36 
s 14.24 
Core mass % 21.7 


